Anaerobic digestion is one of the potential processes of waste lipid recovery for beneficial use to produce methane (CH4). In anaerobic digestion, the utilization of grease trap waste for mono digestion is less reported. This might be due to high lipid content in grease trap waste that may cause inhibition effects which resulted from long chain fatty acids (LCFA) accumulation during the degradation process. This study is intended to investigate the effects of lipid acclimated biomass (LAB) and non-acclimated biomass (NAB) in the anaerobic treatment of grease trap waste over increasing organic loading rate (OLR) in continuous stir tank reactor. The results showed that the resistance of grease trap waste toxicity was higher in LAB while in inhibited reactor (NAB), 9 days lag phase occurred during the start-up process and affected the overall CH4 production. At OLR of 2.2 gCOD/L.day, high CH4 was yielded of 0.22 LCH4/gCODremoved at standard temperature and pressure with 11% CH4 enhancement in LAB. The inoculum acclimatization is one of the strategy to improve CH4 production and the purpose is to provide favorable condition to the methanogens towards build-up of volatile acids and inhibitive components such as LCFA. Thus, the overall enhancement for acclimated to LCFA inoculum strategy was 42%. The induction during the start-up had promoted and enhanced CH4 production when semi-continuous feeding was introduced and remain higher than the other reactors throughout the entire experiment. This indicates that the use of biomass consortium acclimated to long chain fatty acids compounds is a reliable strategy to speed up the start-up of anaerobic digestion process and to enhance the overall CH4 yield.
INTRODUCTION
In anaerobic digestion, the consumption of organic matters that have high lipid content is less favorable option to be used as a substrate. During hydrolysis stage, lipid is basically consists of triglyceride es and degraded by hydrolytic bacteria to break the chemical bond to produce fatty acids (long chain fatty acids, LCFAs) and organic acids [1] . The intermediate produced during degradation is sensitive to anaerobes bacteria due to restriction of adsorption onto bacteria cell wall that being coated by LCFAs [2, 3] . The limiting factors of LCFAs inhibition had caused transport limitation for cell wall adsorption and reduce it solubility thus causes several operational problems in anaerobic system treating relatively high lipid content substrate [4] [5] . Despite the abovementioned risks, lipid is tested to have high biodegradability and potential to produce more methane compared to protein or carbohydrates through the catalytic in the process done by acidogenic bacteria [1, 6] . As the consequences, exploitation of waste containing high lipid content are becoming more attractive sources in producing biogas from anaerobic treatment system. Different strategies have been implementing to overcome the inhibitive factors caused by LCFAs and one of the strategies is by selecting appropriate inoculum source refers to lipid acclimated biomass. The purpose is to provide favorable condition to the methanogens towards build-up of volatile acids and inhibitive components [4] . In batch assays tested, a biochemical methane potential study using acclimated inoculum to lipid which obtained from municipal sludge anaerobic digester fed with lipid on daily basis were used. The inoculum was known to be acclimatized to lipid when the content of fatty acid were observed in the inoculum characterization. The study were tested on oily food waste as a substrate and the findings showed initial 10 days of lag phase was recorded in non-adapted inoculum while in adapted inoculum assays showed highest biomethanation values without experienced of lag phase [2] . An increment of 2% of methane composition was observed when acclimated inoculum to lipid was used in the treatment of waste vegetable oils [7] . Goncalves et al. (2012) performed batch experiment to evaluate the inhibitory effect of olive mill wastewater reported that inhibition occurred during start-up process in non-adapted inoculum as low as loading of 5 gCOD/L.d while in adapted assay, no inhibition occurred even at highest loading of 25 gCOD/L.d.
Since the most significant phase during anaerobic digestion is during start-up, it is important to ensure the relevant adaptation of the system to the influent capacity to avoid digester failure [8] . Numerous studies have been conducted to determine the performance of anaerobic treatment using acclimated biomass is based on batch assays accomplished with lipid-based synthetic substrate [9] [10] [11] . Less attention is given on using acclimated biomass onto actual effluents in continuous stir tank reactor (CSTR). Furthermore, lack of information regarding the individual patterns of LCFAs degradation during inhibition and stable operation of reactors treating grease trap waste (GTW). Thus, the purpose of this work is to determine the potential of anaerobic digestion of GTW in enhancing methane production by studying the effects of using acclimated biomass to LCFAs in CSTR with increasing organic loading rate (OLR).
METHODOLOGY
Two reactors were used with different inoculum known as lipid acclimated biomass (LAB) and nonacclimated biomass (NAB). Glass reactors with working volume of 1 L were used and both reactors were equipped with water jacketed to sustain required temperature for the entire processes. The reactor is fitted with a top stainless steel plate with attached stirrer, feeding and sampling port, gas sampling port, pH probe, thermocouple and acid and alkaline port. A control unit is used to monitor the pH and temperature. The produced biogas was collected in a 5 L Tedlar gas sampling bag and analyzes using GC-TCD Gas Chromatography.
Anaerobic digested sludge was collected from palm oil mill anaerobic sludge (POMS) obtained from Felda Serting Hilir Palm Oil Mill Plant. POMS produced from anaerobic treatment process of palm oil mill effluent are known to contain low level of oil and grease (less than 0.18 g/L) [12] . As shown in Table 1 , palmitate was the only fatty acid detected in low level in POMS. Thus, in this study POMS collected was designated as non-acclimated biomass (NAB). To impose lipid acclimated biomass (LAB) to the process, preparation was made according to [13] by exposing POMS through prolonged contact with lipid mixture, consisting of sodium palmitate (C16:0), sodium stearate (C18:0) and sodium oleate (C18:1) in a mixture of 30:20:50 (w/w/w), respectively. The LCFA mixture simulated the main constituents in GTW [14] . GTW was sampled from centralized grease trap of food service establishment in Putrajaya, Malaysia. Table 1 shows the characterization of LAB, NAB and GTW used in the study. Biomass in LAB has been adapted to lipid when most of the lipid content was detected compared to NAB when only the content of palmitate could be detected. Thus, biomass in LAB is considered as acclimatized inoculum to lipid. Although the LAB contained palmitic content but the value is lower than the GTW and is considered to not affect the overall process [15] . During start-up, the adaptation of biomass was allowed to acclimatize with GTW in batch mode for both reactors before semi-continuous feeding started. At this phase, the monitoring of pH, alkalinity, chemical oxygen demand (COD), volatile fatty acids (VFA) and LCFAs were measured daily (results not shown except LCFAs). The reactants volume was kept constant and monitored until COD removal measurement was consistent for 3 consecutive days. This has been demonstrating as an acceptable method for anaerobic reactor start-up to maintain the population of active methanogens in performing methanogen activities when higher organic loading was introduced in semi-continuous phase [16] .
After the start-up process, the operation of both reactors was switched to semi-continuous feeding mode with increasing OLR (1.3-3.6 gCOD/L.day). The increment of organic loading rate was achieved by increasing the influent flow rate. Both reactors were fed once per day according to the required influent flow rate. The stability and performance of each stage of the reactors were monitored in terms of pH, total alkalinity and effluent volatile fatty acids until steady state condition. Steady state condition is specified by consistent value of COD, TS, VS and pH concentrations for 3 consecutive days. After stabilized reactors were achieved, new increasing OLR was introduced.
RESULTS AND DISCUSSION

Start-up Operation
In this study, the first 14 days of reactors operation was functioned as a start-up phase. The duration of start-up phase was determined according to the changes of COD removal efficiencies were less than 15% in 3 consecutive days. This condition can be reflected by the stability of volatile acid to alkalinity ratio and increment of the methane production before any increment of organic loading rate can be introduced into the reactor [8] . Performance of GTW anaerobic treatment using acclimated (LAB) and non-acclimated inoculum (NAB) inoculum sources were determined based on methane composition, methane production rate and methane yield as depicted in Figure 1(a,b,c) .
It can be seen that the foremost difference between methane composition in LAB and NAB occurred during the start-up stage. For LAB, methane production increase immediately while in NAB methane production starts slowly with a lag phase of 9 days was recorded and methane production starts to increase rapidly on day 10. A lag phase was observed in NAB indicated that inhibition was occurred due to acclimatization process in the beginning of the process.  LAB  NAB Figure 1 The profile of (a) methane composition; (b) methane production rate and; (c) methane yield of NAB and LAB during start-up operation
On day 14, methane composition for LAB reached a value of 56%, 15% higher than that of for NAB. A similar trend as methane composition were showed by methane production rate and methane yield for both reactors. LAB and NAB recorded highest volumetric methane production rate of 0.078 LCH4/L and 0.061 LCH4/L, respectively. While for methane yield, a value of 0.22 LCH4/gCODremoved and 0.10 LCH4/gCODremoved were recorded for LAB and NAB, respectively. These finding observed similar trend as reported by Neves et al. (2010) where methane production was 16% higher was evaluated in acclimated reactor as compared to nonacclimated reactor during initial stage of experiments [15] . A lag phase of 10 days was also recorded in non-acclimated reactor treating oily waste from can fish processing industry. Significant differences of LCFAs accumulation between NAB and LAB reactors were recorded as depicted in Figure 2 and higher concentration of LCFAs was observed in NAB reactor for the start-up process. This indicate that LCFAs were accumulated more in NAB as compared to LAB. Highest LCFA accumulation in LAB was recorded on day 4 with the maximum value of 228.31 mg/L and gradually decreases after that until become stable towards the end of the start-up process. However, in NAB, the accumulation of LCFAs was increased until day 10 with value of 361.54 mg/L. Longer acclimatization time is needed in NAB due to non-acclimated inoculum to LCFAs was used in the reactor. Thus, the result indicated that the initial lag phase observed during the start-up process in NAB could be attributed to the rapid LCFA build up as proposed by Cavaleiro et al. (2008) [17] . In batch assay treating suspended sludge and dairy wastewater, a lag phase of 42 days was observed when the concentration of LCFA accumulated recorded up to 900 mg/L and no methane production was observed when exceeding this value [17] . In batch assay treating granular sludge with oleic acid, the addition of 100 mg/L oleic acid had reduced approximately 80% of methane yield observed with experienced of 13 days lag phase caused by accumulation of intermediate (palmitate and stearate) in LCFA degradation [15] .  LAB  NAB Figure 3 The profile of (a) oleate and (b) palmitate of NAB and LAB during the start-up operation
In Figure 3 , it can be seen that the LCFA profile for both reactors depicted that the most abundant LCFA were palmitate and oleate when the concentration of both LCFA were relatively higher in inhibited reactors (NAB) as compared to noninhibited reactor (LAB) for the entire of start-up process. In this study, palmitate and oleate were the main LCFA that accumulated and maintain at higher concentration in inhibited than non-inhibited reactor. Palmitate acid is the primary product from oleate degradation phenomenon obtained in this study is similar as what has been observed from previous study [6, 18] .
The concentration of oleate accumulated in NAB were within the same range (100 mg/L-200 mg/L) as reported by [16] for inhibition had occurred during lag phase. Angelidaki & Ahring (1992) also reported the similar range of oleate concentration that was inhibited the thermophilic anaerobic digestion of cattle manure [20] . Stearate and myristate was detected in very low level and the accumulation values were not significantly high as palmitate in both reactors (Results not shown). No significant increment in concentration recorded for stearate and myristate indicated that fast and easy mineralized process conversion of both LCFA and that the limiting factor was not from this conversion [15] .
Semi-continuous Feeding Operation
During steady-state condition, it was observed that the methane composition, methane production rate and methane yield increased with increasing OLR from 1.3 gCOD/L.day until 2.2 gCOD/L.day for both reactors as depicted in Figure 4 (a,b,c) . Later, a downtrend methane production was observed for OLR from 2.5 gCOD/L.day to 3.6 gCOD/L.day for all reactors indicated a decreased performance of all reactors.
Overall performance of steady state condition in all reactors depicted that the effectiveness of methanogen activities reached its maximum efficiency at OLR 2.2 gCOD/L.day. At this stage of stable condition, the average maximum methane composition was recorded highest in LAB (71%) than NAB (60%). While for methane production rate, average maximum values recorded for LAB and NAB was 0.455 and 0.269 LCH4/L.day, respectively. Furthermore, in agreement with methane composition and production rate performance, methane yield for all reactors were also recorded its average maximum values at OLR of 2.2 gCOD/L.day. The value of methane yield evaluated for LAB is 0.22 LCH4/gCODremoved and for NAB is 0.14 LCH4/gCODremoved.
Easily converted to biogas in LAB during start-up had induced and affected the overall methane production when higher values in LAB than NAB reactor were observed. This signifies that acclimated biomass to lipid in LAB has higher resistance to lipid toxicity and can improved the production rate. An increase in OLR of 2.5 gCOD/L.day onwards had decreased the value of methane composition, production rate and methane yield. The reduction of these values maybe caused by organic wash out due to semi-continuous feeding and no sludge recycle implemented that may reduce the tolerance to the substrate [1, 21] . The profile of (a) methane composition; (b) methane production rate and; (c) methane yield in NAB and LAB during steady state condition Data on methane composition and the occurrence of lag phase in this study were comparable to those reported by [22] . It can be seen that the methane production is retarded in higher concentration of inhibitor and the duration of lag phase also increase. [17] demonstrated higher concentration of oleate (900 mg/L) evaluated that shock load do not improves methane production hence no methane production were recorded for the entire experiments even though acclimated inoculum was used. The experiment was stop after 21 days duration and suggested that the accumulation of LCFA is a critical factor to be considered when dealing with oily effluents. In order to improves the performance of waste vegetable oil, [7] observed the potential of using acclimated biomass (sludge from hotel, restaurants and catering waste anaerobic treatment) could improves 3% methane production regardless any LCFA concentration that inhibit the system. However, the occurrence of lag phase indicated that inhibition occurred at the initial stage of the study. The comparison between methane yields cannot be made so far as this system has not been applied for any continuous stir tank reactor (CSTR) in the literature studies.
CONCLUSION
The existing results demonstrate that the inoculum previously adapted to LCFA and as well as the control operating condition can lead to better outcomes when anaerobic digestion of oily waste is concerned. By using acclimated inoculum, 15% methane production composition improvement was observed with biogas containing 71% methane and methane yield of 0.22 LCH4/gCODremoved were achieved. Efficient performance of acclimated reactor (LAB) was achieved at OLR of 2.2 gCOD/L.day. The use of acclimated inoculum had no observation of lag phase during the start-up stage and is consider a promising strategy to accelerate the start-up process and thus improve the overall performance of anaerobic digestion from GTW.
